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Fig. 1 Schematic diagram of the welding process
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Fig. 2 Specimen sizes of room temperature tensile test
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Fig. 3 Macroscopic morphologies of the weld seam at invariable laser welding process parameters

'sr&nFllel Mo

(a) B3

RIFEAINRBIEAREE, MEEFFREIGEREME
T BESH SN KEMBRAEL T, (B
IR, (RERMINERN1.25 kKW, BEESMETIHAT+5E
WARIHRHI+8, RS AB5; {RIFHFAINENLI KW,
BEENFIHRN+HSENARIRN+HEESE, "N

(b) B2

(b) B4
Eld HotREBEE RIS IR ERE T RNRERIAZR
Fig. 4 Macroscopic morphologies of the weld seam at changing laser power and constant defocus
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Fig. 5 Macroscopic morphologies of the weld seam at changing defocus and constant laser power
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Fig. 6 Macroscopic morphologies of the weld seam at changing defocus and laser power
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Fig. 7 Microstructures of the self melting laser welded joint with variable gap



Vol.74 No.10 2025

counore TEIEA

RREEREEMAERERR, KBERPEZRELZ
T, ENREREBIRTERIREE o« 2 g HEZRIAH
KD, KED o« BEREIRPERERERT,

B K D ECA R AR D, WET (b) . 1R424E
QASEAHER, BRIGHEA R &FEWMIL, WE
7(c) . (d) . BEFLEANINEEZ 2 mmigTCAK
BeRHTHORE, BETRMAERN o 18+ B 1B+
Ko BEERRIBEHEHR . AR RIREAER NG EAE
R, FIReREXIEREAIHRESE (1.2 mm) |, 18
BOIEPIRECRER, B IEERAEEMBAER.

2.3 BEEslhZtee

S Y A1.09 KWES (K 91.15 kW, BE
EMH+5 mmZ{L9+6 mmEBIRIRER:L (/HSB8) it
FREEN, MEEHOBEMHEiEE S HIES
Fhi~. MEIBRILIR L, IREXISEHMIEEEHV,,390
Ef, B EMEEEHV,, 35040 . BIARIRERE
MR OB B A BREE S HZEMH S8
SRILRAFAE, BRIELIRESHMEE>HENXE
HMEE>EM EAEERN D HINE . XE2HFIRESD
HEPRBEERNER, SBIEEFOEERS, MR
TMXAFREBNRE, BEAEERD, BEE
BEETFIRE, X—RSERIIZETITCARE T IR
BLEESHNENRERZME . flan, skit
HEAPNG3 mmETCHRE DT THOCEE, IAHIE
BEELNEMEEZRIES S, NEMEREIEXIE
SN, JRERFIXIEFI9EELIIHV3ES, K
FE#7 (£93HV360 ) , FHARERZEREIMER
TIREREIRN AL T BERAEET, BB o 1B
TR, XIEEE APN916 mm ETCAAS £REIT 7
KRR, R TEEDHAELINE, S FHE
MEEERME, BENNNXIEEEEER, ik
BRI “RHEHERT ZBEATVIEE DM

H—EXWRSBIN N M EBIRIEEELH
TEIRAEHRMEREME, BEEMENINFMLER R

420

0 /‘\.h,,-\, Pas

380 \
P -]

S 2 o @0 1 4 3
PRSP B fmm
Els BRIREEEIMNREROEEM B RIEES
Fig. 8 Hardness distribution of the self fusion welded joints along from
the center of the weld to base metal
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Tab. 2 Tensile test results of the self welding specimens
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Fig. 9 Tensile fracture morphology of the self welding specimens at 50
times magnification
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Fig. 10 Localized enlargement of the tensile fracture morphology of the utogenous specimen in marked A of Fig. 9
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Effect of Laser Welding Parameters on the Forming Quality and
Performance of Variable Gap Plate Welding Joints of TC4 Titanium Alloy
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OUYANG De-lai®

(1. AVIC Xi'an Aircraft Industry Group Co., Ltd., Xi'an 710089, Shaanxi, China; 2. School of Material Science and Engineering, Nanchang
Hangkong University, Nanchang 330063, Jiangxi, China)

Abstract:

Uneven gap of TC4 titanium alloy skin plate with sheet metal forming and mechanical cutting will occur
frequently after assembly. The weldment with uneven gap will produce defects such as incomplete penetration
or burn-through after laser welding. In order to improve the laser welding forming quality of TC4 titanium
alloy skin plate with variable gap, self-melting laser welding of TC4 titanium alloy skin plates with variable
gap was carried out. The effects of linearly varying laser power and defocus on the forming quality,
microstructure, and mechanical properties of the welded joints were investigated. The results indicated that
solely adjusting the laser power or defocus cannot achieve a welded joint with good forming quality for
variable-gap TC4 titanium alloy sheets. Considering obtaining welded joints with excellent forming quality,
it is advisable to adopt welding process parameters where the laser power was varied from 1.09 kW to 1.15 kW,
and the defocus distance was adjusted from +5 mm to +6 mm. With these parameters, the tensile strength of
the welded joint reached 1 113.1 MPa, and the elongation was 13.3%. The microstructure of weld seam was
martensitic structure. Near the fusion line, the microstructure within coarse § grains consisted of acicular
martensite. The microstructure at the heat affected zone faring the bond line only showed heating traces and
no structural transformation. The microhardness distribution of the joint showed a distribution pattern of weld
seam>heat affected zone>base metal. The tensile fracture of the welded joint at room temperature was located
in the base metal, with numerous ductile dimples and a few brittle tearing edges on the fracture surface. The
fracture mode is a combination of ductility and brittleness.
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laser welding; TC4 titanium alloy skin plates with variable gap; forming quality; mechanical properties
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